Early generation evaluation of inbred lines through line  tester method was conducted at Regional Agricultural Research Station, Rahmatpur during rabi 2013-14 in maize involving 12 S 4 lines and 2 testers (BIL 28 and BIL 29) for grain yield, yield components and other characters to estimate the general combining ability of the lines and specific combining ability effects of the crosses. Highly significant genotypic differences were observed indicated wide range of variability present among them. The crosses with high SCA effect for grain yield evolved from high × low general combiner parents were revealed additive x dominance type of gene action. The cross combinations E-7 X BIL-29, E-11 X BIL-29, E-10 X BIL-28 and E-9 X BIL-28 with high positive SCA effect having high mean values might be used for obtaining high yielding hybrids. The information on the nature of gene action with respective variety and characters might be used depending on the breeding objectives.
Introduction
Maize is a highly allogamous crop and it has been successfully exploited for the production of hybrids. Parental selection is very important in hybrid development. In this context, LxT analysis (Kempthome, 1957) has widely been used for evaluation of inbred lines by crossing them with testers. Selection during inbreeding based on the performance of test cross progeny is highly effective in improving the GCA of inbred lines. The general combining ability (GCA) of inbred lines can be effectively tested at an early stage during the inbreeding program. Based on the test cross test, about 50% of the inbred lines can be eliminated. This reduces the number of inbred lines to a manageable size for the next step. Exploitation of hybrid vigor and selection of parents based on combining ability has been used as an important breeding approach in heterosis as well as specific combining ability. Combining ability is prerequisite for developing a good hybrid maize variety. The present study involving a line  tester analysis aimed to determine the general combining ability (GCA) and specific combining ability (SCA) of the crosses for different traits and to explore heterotic hybrid combinations.
Materials and Methods
Twelve S 4 generation inbred lines (as female parents) derived from Nath Samrat hybrid through recycling method and 2 testers (as male parents) of maize were selected and crossed in a line  tester fashion to generate 24 cross combinations in rabi 2012 at Regional Agricultural Research Station, Rahmatpur. In the following rabi, 2013 seeds of all the parental lines, their F 1 hybrids and two testers were sown at Regional Agricultural Research Station, Rahmatpur following Alpha Lattice Design with 3 replications. The unit plot size was 4.0  0.75 m. Spacing adopted was 75  25 cm between rows and hills, respectively. One healthy seedling per hill was kept after proper thinning. Fertilizers were applied @ 250, 120, 120, 40, 5 and 1kg/ha of N, P 2 O 5 . K 2 O, S, Zn and B respectively. Standard agronomic practices were followed and plant protection measures were taken as required. Two border rows were used at each end of the replication to minimize the border effect. Ten randomly selected plants were used for recording observations on days to tasseling, days to silking, plant height, ear height, days to tasseling, days to silking and grain yield were recorded on whole plot basis. Combining ability analysis was done as per the method given by Kempthrone (1957) .
Results and Discussion
The mean performance of all the 24 crosses along with the check varieties are presented in Table 1 . The genotypes differed significantly for all the characters, indicating sufficient genetic variability present among them. Significant differences among the genotypes for yield and other traits. The analysis of variance showed significant variations among the genotypes for all the studied characters that revealed wide range of genetic variability among the genotypes. The analysis of variance for combining ability revealed significant differences in the variance due to lines, testers, hybrids and Line x Testers for all the traits (Table 2 ). Similar genotypic difference for ear length, grain weight, grain yield and other characters were reported by Sofi and Rathor (2006) and Narro et al. (2003) .Highly significant differences present between parents due to all the traits. Significant differences were also observed between interactions of parent × hybrid for all traits, indicated wide range of variability present among them. Significant differences were also observed between the hybrids for all the characters except days to tasseling, silking and number of kernel per row. This indicates that the crosses were sufficiently different from each other for these traits and hence, selection is possible to identify the most desirable crosses. Significant differences were observed between the lines for one character number of kernel per row. A significant difference was also existed between testers for days to tasseling, silking, plant height and thousand grain weight. The interaction of line × tester also showed significant differences in ear height and yield. EH =Ear height (cm) TGW=1000-kernel weight (g) EL=Ear length
The contribution of lines, testers and interactions to total variance are presented in Table 3 . The proportional contribution of lines and interactions to the total variances was much higher than testers in all the traits. The contribution of lines for all characters were much higher than that of interactions of line x tester, indicating higher estimates of variances due to general combining ability and female parent contributed maximum to total variance in maize, which was followed by interaction. Testers contributed lowest to total variance, which is in conformity with Parvin (2009 Table 4 . The GCA effects of parents indicated that line E-3 and E-6 exhibited highly negative GCA effects for both days to tasseling and silking could be utilized for evolving early variety. Roy et al. (1998) and Hussain et al. (2003) also observed similar phenomenon in their study. The GCA effects of parents indicated that the lines E-8 contributed highly significant negative effects for evolving shorter plant height while E-6 showed significant positive effects. The general combining ability (GCA) effects of parents indicated that E1and E-9 contributed highly significant negative effects for evolving less ear height could be utilized for evolving lower ear height. The lines E-2, E-3, and E-6 exhibited positive gca effect for ear length. E-6 expressed highly significant positive GCA effects for karnel per ear and yield indicated that this parents was good general combiner and could be used for exploiting more positive alleles for yield Specific combining ability effects Specific combining ability and mean of the crosses for grain yield, its components and other characters are presented in (Table 5) . With respect to number of days to tasseling and silking, crosses E-9 X BIL-29 showed the best SCA effects for earliness, whereas E-9 X BIL-28 were the latest with SCA effect. For plant height, the estimates of SCA effects were found to be significant in E-7 X BIL-28 of the twenty four crosses evaluated in the current study. The shortened plant is advantageous in case of lodging resistance. With regard to ear height; significant estimates of SCA effects were observed in E-9 X BIL-29. For grain yield, both negative and positive and significant estimates of SCA effects were observed among the crosses (Table 5) . Cross E-9 X BIL-28 and E-11 X BIL-29 were good specific combiners. In general, crosses involving both good general combiner as well as one good and other poor combiner showed high SCA effects which are due to additive x additive and additive x dominant gene action. These results were in agreement with the earlier findings of Das and Islam (1994) . The inbred parents E-3, E-6, E-8, and E-9 have been identified as the best general combiner due to their good combining ability effects and also their ability to transmit characters to their progenies for most of the characters. The cross E-7 X BIL-29, E-11 X BIL-29, E-10 X BIL-28 and E-9 X BIL-28 were identified as the best combinations for yield due to their SCA effects along with mean performance for yield traits.
Conclusions
Generally, the results of the current study identified that inbred lines with good GCA and cross combinations with desirable SCA for the traits studied. This indicates the possibility of developing desirable cross combinations and recombination of inbred lines with desirable traits of interest. Furthermore, promising cross combinations identified in this study could be utilized for future breeding work as well as for direct release after confirming the stability of their performances observed in the current study. Hence, the information from this study may possibly be useful for researchers who would like to develop high yielding varieties of maize.
